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Intense terahertz (THz) electromagnetic wave emission was observed in undoped GaAs thin films 
deposited on (100) n-GaSb substrates via molecular beam epitaxy. GaAs/n-GaSb heterostructures 
were found to be viable THz sources having signal amplitude 75% that of bulk p-InAs. The GaAs 
films were grown by interruption method during the growth initiation and using various 
metamorphic buffer layers. Reciprocal space maps revealed that the GaAs epilayers are tensile 
relaxed. Defects at the i-GaAs/n-GaSb interface were confirmed by scanning electron microscope 
images. Band calculations were performed to infer the depletion region and electric field at the 
i-GaAs/n-GaSb and the air-GaAs interfaces. However, the resulting band calculations were found 
to be insufficient o explain the THz emission. The enhanced THz emission is currently attributed 
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FIG. 1. RHEED (12 keV) images during oxide removal showing (a) patterns 
superimposed by chevrons for the [110] and (b) the [110^^] azimuths, and the 
(c) (2  x 4)-like patterns for the [110] and (d) the [110^^] azimuths after heat-





















FIG. 2. Cross-sectional structures of the layers.
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of ~80 MHz. The THz-TDS set-up employed an optically





































FIG. 3. THz waveforms emitted from undoped GaAs layers grown on n-
GaSb are comparable with the THz emission of bulk p-InAs. Offset in the 
time scale was provided for ease of comparison.
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E[100]=(2_e14)/ε_0(1+x)(C_11+C_12)/(C_11+C_12+2C_44)ε. We used the elastic stiffness
constants　given　by　Ref.23.　For　an　assumed　residual　strain　ofε
=0.001,　the　piezoelectric　field　calculated　is　9kV/cm.　It
FIG. 4. Reciprocal space maps around the (444) reflection of the GaAs layers. Also shown is the RSM around the (444) reflection of the n-GaSb substrate.
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FIG. 5. Plan-view and cross-sectional 
electron micrographs of the samples. 
The etch pits at the interface is observed 
for all samples.
FIG. 6. Photoluminescence spectra (13 K) of the GaAs layers.
could be possible that the piezo-electric field contributes to 
the depletion width and may have further enhanced the THz 
emission for both samples. 
   GaAs/n-GaSb films showed photoluminescence (PL) at 
13 K, as displayed in Fig. 6. Although both samples  exhib-
ited GaAs-related peaks at  8180  A, the PL intensity was 
higher for sample I. Moreover, the PL spectra of sample  II 
showed a carbon-related transition at 8300 A. At present, the 
PL results suggest that sample I has better crystalline quality 
compared with Sample II.
IV. CONCLUSION 
   In summary, GaAs thin films were successfully formed 
on (100) n-GaSb by growth interruption during the initiation 
of epitaxial growth. Metamorphic buffer layers such as 
GaAs, InAs, AlAs/GaAs SL, and InAs/GaAs SL were used. 
The GaAs layer grown on InAs and InAs/GaAs SL buffer 
layers exhibited THz emission that is 75% of that of p-InAs.
Our calculations show an enhanced depletion width due to 
the surface Fermi pinning and the bandgap offset. RSMs 
reveal that the layers are relaxed. SEM micrographs indicate 
dislocations and residual strain at the interface which explain 
the intense THz signal observed for both GaAs/n-GaSb 
films. PL spectra show sample II with InAs buffer is possibly 
more defective leading to enhanced THz emission. The 
results suggest that GaAs/n-GaSb material could be a viable 
alternative to bulk p-InAs.
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